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Thick fully-depleted CCD detectors developed at 
LBNL (S.Holland et al) are the sensors that make 
this experiment possible. 

Steve and his colleagues developed a way to 
fabricate CCDs in very high resistivity silicon, 
and get them fully depleted with a substrate 
voltage applied on the back of the detector.

For astronomy 
(near-IR) the LBNL 
detectors are up 
to 250um. To get 
more mass we are 
using 675 um 
thick detectors.

The DAMIC sensors
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Charge-Couples Devices 
(CCDs) are extremely low noise, 
the readout is determined by 
the capacitance of the output 
node, and not of the large 
detector.

Charge distribution measurement for 
pixels without signal (no exposure).

On-chip (analog) binning is also possible 
to increase signal to noise, more on this 
later.

The DAMIC sensors

in average  
1e ~ 3.7 eV



Particle ID in CCDs
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electron recoils calibration
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studies with X-rays and low light levels (not shown here) 
demonstrate very nice linearity response of the sensors.
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calibration to low energy nuclear recoils
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using DAMIC sensors with a photon-neutron source a calibration was 
produced to 0.7 keVr (previous data to 4 keVr). With a neutron 
scattering experiment the two data sets were joined. 

A.E. Chavarria et al, Phys. Rev. D 94, 082007 (2016)
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JINST 10 (2015) P08014background in DAMIC CCDs

This will be the limiting background in next generation silicon detectors for 
DM. DAMIC will be able to veto these background.
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DAMIC at SNOLAB 2012-2015 reduced background 3 
orders of magnitude.



DAMIC detector design
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DAMIC detector design
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MIP track allows measurement of diffusion in silicon
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DAMIC data at SNOLAB

signal  
region

Phys. Rev. D 94, 082006 (2016)
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DAMIC data: efficiency

validates using 57Co data.

Phys. Rev. D 94, 082006 (2016)



15

noise/signal likelihood ratio based on diffusion model

Phys. Rev. D 94, 082006 (2016)



16

DAMIC result

Phys. Rev. D 94, 082006 (2016)



DC  : 4e-/mm2/day ~ 0.0009 e-/pix/day ~ 7x10-22 A/cm2 
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arXiv:1611.03066

this dark current, by itself provides the best direct detection limits for 
low mass hidden-photon dark matter. We believe we have not reach 
the DC limit for the sensors yet.



DAMIC-100 : now

designed for 18 CCDs
16 Mpixels each
675 um thick
5.7 g/CCD
5 dru

8 detectors installed at SNOLAB in 
April-2016. 

excess dark current seen in some 
sensors from mechanical stress. We 
have now made some changes to the 
procedures to eliminate this issue.

Science array currently being tested 
at FNAL, for installation at SNOLAB in 
January.
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16 Mpix
3hr
surface
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zoom
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zoom2
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zoom3
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Shower seen by 5 of these sensors in an array 
(tracking).
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Next steps



DAMIC1kg DAMIC100

36 Mpix CCD, 1+ mm thick 16 Mpix CCD, 675 um thick

array of ~50 detectors array of ~18 detectors

0.01 d.r.u 5 d.r.u

< 1. e- noise (RMS) 1.8 e- noise (RMS) 
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DAMIC-1kg  



DAMIC1kg R&D

36 Mpix CCD, 1+ mm thick
1 mm sensors is possible using the same 
production model we have now. R&D effort at 
UChicago to go thicker.

array of ~50 detectors
We need to think a bit about the mechanical 
design, cabling, cooling. This is not a very large 
concern, but need to do it efficiently to keep shield 
of a reasonable size and low background inside.

0.01 d.r.u

This is a major challenge. PNNL electro-formed 
copper is one of the critical components. 
DAMIC100 to demonstrate that the radioactive 
contamination of the CCDs is sufficiently low. 
New package and shield.

< 1. e- noise (RMS) 
Also a big challenge, but already achieved in the 
lab by LBNL for some of the new detectors 
design. This will require a combination of R&D on 
sensors and readout electronics.

This scaling of the experiment will have to be matched by a scaling of the collaboration (not 
quite by the same factor), but we are bringing new groups with different expertise. 27

DAMIC-1kg  



http://kicp-workshops.uchicago.edu/DAMIC1kg/
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Summary

• DAMIC results from 2015 produced the best limit for 
WIMP dark matter with silicon target. 

• Detectors now calibrated for nuclear recoils down to 
threshold 0.7 keVr. 

• First direct limit for dark photons using this technology 
published last month. More on this coming thanks to 
the impressive dark current of these sensors. 

• Deployment of DAMIC-100 (with 5 d.r.u) planned for 
January. 

• Getting ready for DAMIC-1kg.
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arXiv:1608.00957 
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0.695 d on each exposure
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